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In 1877, Dr. Nikolaus Friedreich1 (1825-
1882; student of Virchow who became Professor 
of Pathology at Heidelberg and who also described 
Friedreich’s ataxia) first described renal papillary 
necrosis (RPN) in patients with prostatic hypertrophy 
and secondary hydronephrosis. Thereafter in 1937, 
Froboese2 and Günther3 emphasized the association 
of this entity with diabetes mellitus. These authors 
also observed renal papillary necrosis in cases of 
urinary tract obstruction even in the absence of 
diabetes mellitus.
In 1952, Mandel’s4 report corroborated the 
latter findings, suggesting that urinary tract infection 
played a role in the pathogenesis of RPN. His 
report showed the presence of urinary infection in 
95% of cases of RPN, in autopsy studies. It was 
in the late 1950s that analgesics emerged as a 
major etiological factor of RPN.5 Since then some 
series reported that analgesic abuse accounted 
for 80 – 90% of cases of RPN.5-7 In this setting 
non-steroidal anti-inflammatory drugs (NSAID) 
are also included with their incidence increasing 
Figure 1 – Renal papillary necrosis. Irregularly round or oval areas of yellow necrosis are seen in renal 
papilla and medullary areas of the kidney from a 62-year-old female with type 1 diabetes mellitus. A urinary 
tract infection was also present as evidenced by the mildly inflamed renal pelvis epithelium (acute pyelitis). 
Picture provided by Dr. Stephen A. Geller - personal archive.
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reflect as effects on vasculature, since medullary 
interstitial cells synthesize prostaglandins. Studies 
have also shown that ischemia results from direct 
endothelial cell damage.15 Regardless the involved 
mechanism, the end result is reduced prostaglandin 
production, leading to decreased vascular perfusion, 
vasoconstriction and eventually ischemic necrosis.8
The lack of specific symptoms, in the 
early stages, makes diagnosis challenging. Later 
clinical features include: nocturia, dysuria, pyuria, 
hematuria (most notably microscopic hematuria), 
ureteral colic, necrotic papillae voided in the urine6 
and back pain. Renal function studies may also 
reveal decreased glomerular filtration rate (GFR), 
increased urea blood nitrogen (BUN) and renal 
tubular acidosis. Eventually RPN leads to death or 
chronic renal failure.8
Histologically, renal papillary necrosis is 
characterized by coagulative necrosis of the renal 
papilla and the background medullary pyramids. 
Subsequently the necrotic foci can become infected 
either from ascending cystitis or hematogenous 
dissemination and be seen as acute liquefactive 
necrosis with potential abscess formation. The 
papilla, whether infected or not, can cause renal 
tubular obstruction. Sloughed papilla can be seen in 
cytopathology preparations of urine. In time fibrosis 
and calcification occur. Bilateral involvement, or 
involvement of a solitary kidney, can lead to renal 
failure. If renal papillary necrosis is complicated by 
infection can lead to death, particularly in the diabetic 
patient who may or may not have other significant 
medical problems. Even in the non-diabetic patient, 
renal papillary necrosis is potentially fatal.
As a last note, it has been suggested that 
the first description of RPN is in the record of 
Beethoven’s autopsy.16 The translation of the 
original Latin of the report says, “every one of their 
calices was occupied by a calcareous concretion of 
a wart-like shape and is large as a split pea.” In a 
subsequent paper17, the wording of the translation 
was changed to “every single calyx was filled with a 
calcareous concretion like a pea which had been cut 
across the middle.” In addition, the renal capsule is 
described as a “cellular membrane of an inch thick,” 
indicative of chronic renal inflammation rather than 
acutely occurring RPN. This may, instead of RPN, 
be a description of extensive nephrolithiasis in 
association with chronic pyelonephritis. When RPN 
develops it is typically irregular and does not affect 
“every single” papilla. Further the necrotic papilla 
slough and break off, to be excreted, and evidence 
would similarly not be present throughout. “Wart-
as these medications are more often utilized. The 
risk highest is for phenacetin (no longer used in 
many countries) and acetaminophen. In general, 
the risk for analgesic nephropathy is cumulative. 
More recently, it has been shown that these drugs 
are harmful to human kidneys in the presence of 
volume depletion, underlying renal disease as 
well as long-term abuse.8 Other causes of RPN 
include: sickle-cell hemoglobinopathies9,10, post-
renal transplants11, chronic liver disease12, shock 
and severe dehydration, the latter mainly observed 
during infancy.5
The principal causes are summarized in 
Table 1.
Table 1 – Major causes of renal papillary necrosis 
(RPN)
Analgesic nephropathy
Sickle cell nephropathy
Diabetes mellitus, often with urinary tract infection
Prolonged use of NSAIDs
An expanded list of causes is summarized 
with the English language mnemonic “POSTCARDS” 
(pyelonephritis, obstructive uropathy, sickle cell 
disease, tuberculosis, chronic liver disease, 
analgesic/alcohol, renal transplant rejection, diabetes 
mellitus, systemic vasculitis).13
The frequency of RPN in different disease 
conditions is unknown because of underdiagnosed 
pauci- or asymptomatic cases. However 
approximately 30% of all cases of RPN occur in 
the setting of diabetes mellitus. In these cases, 
hyperglycemia is usually uncontrolled, and urinary 
tract infections are frequently seen. The relationship 
of RPN with diabetic microangiopathy could be 
demonstrated either in vivo or in an autopsy series.14
Friedreich5 proposed a vascular mechanism 
to explain the RPN regardless of underlying disease. 
Unequivocally, this mechanism is observed in sickle 
cell disease, where vasa recta are obstructed by 
the sickling erythrocytes. In case of analgesics 
and NSAID, ischemia can be demonstrated in the 
medulla and vasa recta due to direct inhibition 
of cyclooxygenase-mediated production of 
prostaglandins.8 A direct toxic effect on cells of 
the medulla is also involved in the pathogenesis 
of RPN. Damage to these cells may similarly 
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like,” the descriptive term used, is not likely to be 
RPN, and, although color descriptors appear in 
other parts of the report, there is no use of “yellow,” 
typical of necrosis, in the kidney section. The 
pathologist, Johann Wagner, was experienced and 
highly regarded, including by his student Karl von 
Rokitansky, developer of the great Viennese school 
of pathology. As was the custom of the time the 
report concentrates on explaining clinical problems 
and the prostate gland, likely enlarged in a 57 year 
old man and possibly the cause of at least partial 
obstruction and subsequent pyelonephritis, is not 
mentioned. In addition it is highly unlikely that he 
would have mistaken the papilla for a calyx, since 
the anatomy of the kidney had been well described 
by Marcello Malpighi (1628-1694) two centuries 
before.
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